Abstract With its numerous mountain regions and its well developed winter tourism infrastructures, Switzerland is a country whose tourism sector is known to be sensitive to snowpack variability. With climate change-which is predicted to have negative impacts on snow depths and duration-the need for accurately assessing the sensitivity of winter tourism consumption to changing snow conditions is reinforced. Taking advantage of newly available data on visitation rates at Swiss ski areas, we analyze the effect of snow conditions on skier visits using standard panel data regression techniques. We assume the magnitude of this effect to be conditional on the level of snowmaking investments. Higher snowmaking investments should lead to a lower sensitivity. Our results validate this hypothesis and also shed light on the competitive interactions between lower and higher lying ski areas located in the same tourism region. In fact, our results show that better snow conditions in the former reduces visitation rates in the latter. Eventually, we find that ski areas benefiting from sunny conditions tend to have, ceteris paribus, more skier visits. This suggests additional impacts if climate change were to modify sunshine duration in mountain regions.
researchers investigated past data and trends (Scherrer and Appenzeller 2006; Marty 2008; Serquet et al. 2011 ) while some explored future scenarios (Beniston et al. 2003; Uhlmann et al. 2009 ). These studies demonstrate that snowpack amount and duration already decreased, particularly since the end of the 1980's (Marty 2008 ). In the future, snow conditions will most probably continue to deteriorate. This will further impact the ski industry supply (König and Abegg 1997; Elsasser and Messerli 2001; Elsasser and Bürki 2002; Abegg et al. 2007 ). In particular, an OECD study (Abegg et al. 2007 ) looked at the consequences of a 1, 2, and 4
• C warming in the Alps. It found that 159 out of 164 Swiss ski areas are snow-reliable under current climatic conditions. The number will drop to respectively 142, 129, and 78 with the aforementioned increases in temperature. However, local scale modeling studies conducted in other ski regions (mainly in North America), which derive ski season length and snowmaking requirements under a warmer climate, consistently point to more moderate impacts (Scott et al. 2012 ). The strength of these studies compared to the previous ones is that they take into account snowmaking, whose increasing production and capacity improvement could significantly contribute to maintaining the ski season length (Scott et al. 2003 (Scott et al. , 2008 Steiger 2010) .
Comparing winter seasons that are representative of current and future climatic conditions has been another way to estimate climate change impacts on the ski tourism industry (Dawson et al. 2009; Steiger 2011) . As the analogue approach relies on observed data to predict future climate change impacts, it has the advantage to include many (potentially all) of the currently available, generally short-term adaptation possibilities on both the supply and demand sides. In the USA's Northeast region, this approach has provided lower impact estimates compared to those found using the modeling based approach (Dawson et al. 2009 ).
Another strand of the literature has more specifically dealt with potential and/or actual behavioral adaptations on the demand side (Behringer et al. 2000; Hamilton et al. 2007; Unbehaun et al. 2008; Shih et al. 2009; Pickering et al. 2010; Dawson et al. 2011; Töglhofer et al. 2011) . Methodologically, these studies rely either on surveys of skiers or on quantitative analyses based on regression techniques. In the former case, results indicate that skiers would very probably move to more snow-reliable ski areas and ski less often. In the latter case, Töglhofer et al. (2011) for instance analyzed 185 Austrian ski resorts between 1973 and 2006 in order to quantify past demand changes due to short-term climate variability. They estimated an overall change of 0.6-1.9 % in overnight stays with a one standard deviation change in snow conditions. These figures obtained for overnight stays probably underestimate the effect on skier visits as the latter are more sensitive to snow conditions than the former (Steiger 2011) . Also potentially important for visitation rates at ski areas are snow conditions in skiers' areas of origin ("backyard hypothesis"). However, two studies, which both used detailed daily data from two individual ski areas, have provided conflicting evidence about this effect (Hamilton et al. 2007; Shih et al. 2009 ).
Studies investigating current relationships between weather conditions and ski participation are meaningful in the context of climate change as they are an important prerequisite for understanding the likely impacts of projected climate change on the ski industry. However, it is clear from the literature review that only few empirical researches have tackled so far the quantitative effect of snow conditions on ski area visitation. In the present article, we analyze the effect of snow and weather conditions on skier visits using linear panel regression models. The analysis is based on a panel of 74 Swiss ski areas tracked over the 2005/06 to 2008/09 winter seasons.
The article is structured as follows: Section 2 presents and describes the method and data employed. Especially, we discuss ways by which we tried to obtain nonbiased estimates of the natural snow sensitivity of skier visits at a given ski area. Section 3 presents the results and discusses the role of snowmaking investments to reduce this sensitivity. Eventually, Section 4 offers some concluding remarks.
Methodology and data

Regression model
In order to assess the importance of natural snow conditions for the economies of Swiss alpine regions, we build a linear model of the natural logarithm of skier visits ln(SV it ), which is a common measure of the number of visits at a ski area. Our fully specified model is the following:
where SD it is the number of "skiable days" measured at ski area i during the winter season t, ART it is the percentage of the kilometers of ski runs that can be artificially snowed in ski area i and winter season t, X it is a vector of control variables at the ski area x season level, μ i is a ski area fixed effect, δ t a winter season fixed effect, and ε it is the idiosyncratic error term. A key feature of the model is the presence of the term SD it · ART it , which is the interaction term between the natural and artificial snow variables. This allows to take into account the fact that the short-term snow sensitivity of skier visits should normally decrease as the level of snowmaking investments increases. In fact, our main interest does not lie in estimating a single population regression coefficient. Rather, we are interested in estimating ME, the marginal effect of the number of skiable days, which is equal to:
This marginal effect has the following standard deviation:
Estimates of the short-term snow sensitivity of skier visits can easily be flawed due to omitted variable bias. This is the reason why the model includes a vector of control variables as well as fixed effects. It is advantageous to think of the vector of control variables as being made of three subsets of variables that describe respectively tourism infrastructures, ski area characteristics that are correlated with altitude and snow and weather conditions outside a ski area. All these three subsets of variables help mitigating the omitted variable bias problem. First, it seems reasonable to 
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Note: For the variable CHigh50, correlations are not computed over the whole sample but only over the subsample of higher lying ski areas think that ski tourism infrastructures have historically developed in places with good snow conditions. Consequently, we expect the omission of this link to lead to an overestimation of the natural snow effect. As snow conditions improve with altitude, other ski area characteristics that are linked to altitude and that influence skier visits should also be controlled. As deduced from the correlations of Table 1 , accessibility and sunshine are two examples of characteristics that are correlated with altitude.
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Another important factor changing with altitude and influencing visitation rates is the intra-seasonal distribution of skiable days. At higher altitudes, ski operators tend to have longer operation periods with a greater proportion of skiable days in November and April, two months that are rather marginal in importance for their business. Therefore, one should control for the intra-seasonal distribution to avoid underestimating the effect of good snow conditions. Eventually, it has been sometimes empirically tested in the literature that weather and snow conditions outside a ski area could also affect its visitation rate (Hamilton et al. 2007; Shih et al. 2009 ). These conditions should be controlled so that we could be a little more confident that our estimates of the snow sensitivity of skier visits represent the pure effect of improving snow conditions at the ski area itself. The detail and description of the variables that are included in the vector X it are given in Section 2.2.
Regarding the fixed effects that are included in the model, it allows to extend the "control" strategy to non-observed, generally difficult-to-measure variables that are either ski area or time-invariant. Reputation, landscape's beauty or slopes orientation are examples of time-invariant characteristics of ski areas. The aim of adding winter season fixed effects is mainly to control for macroeconomic conditions (exchange rates, economic situation) that affect the tourism demand for Swiss winter destinations.
Data description and source
Skier visits data In this research, we investigate the impact of snow and weather conditions on skier visits. Vanat (2012) defines a skier visit as being generated by "one person visiting a ski area for all or any part of a day or night for the purpose of skiing, snowboarding, or other downhill sliding". Since a couple of years, he collects annual data on several operational indicators directly from a large sample of ski operators. The internal consistency of these data is carefully checked so that a reliable skier visits statistic is produced annually.
2 Thanks to this statistic, we were able to gather data on skier visits for a sample of approximately 70 Swiss ski areas across the winter seasons 2005/06 to 2007/08 but only for 62 ski areas during the 2008/09 winter season. The relative large change in the sample's size across the years has to do with the fact that the skier visits statistic is not mandatory. Our panel dataset is therefore an unbalanced one. It has been built to satisfy methodological requirements (at least two consecutive years of data per ski area) but was limited to four winter seasons due to both data and time constraints. The sample of skier visits is presented in Fig. 1 . For the four winter seasons under review, features of the skier visits distribution can be assessed from Fig. 1 . In general, the median lies around 200,000 skier visits whereas the interquartile range (IQR) is roughly equal to 300,000 skier visits. With its relatively strong reduction in skier visits (−15.3 % compared to the 10-year average 2000/01-2009/10), the snow-poor 2006/07 winter season is visible from the boxplot. It is interesting to note that our sample therefore includes information on how ski operators and their customers have responded to this record warm winter season. However, the most striking feature of the plot are the shapes of the distributions which are heavily skewed towards high values. With its strictly positive nature and asymmetric distribution, the dependent variable is a good candidate for transformation with the natural logarithm. As a result of this transformation, model coefficient estimates will be used to compute relative rather than absolute changes in the dependent variable. We are more confident dealing with relative impact estimates as our sample includes a broad spectrum of ski areas, from small sized ski areas to some of the world's most renowned ones.
Snow data For the purpose of our analysis, we have built two alternative measures of snow conditions at ski areas. Both are derived from data provided by the Swiss National Tourist Office (SNTO). In order to publicize them on its website, the SNTO asks ski operators to measure snow heights at three different elevations (including at the lowest and highest altitudes of ski areas) on a day-to-day basis. Strict rules set by the SNTO imply that measurement stations should be located next to the ski area with no influence of machine-made snow on measured snow depths. We are aware that self-reporting casts doubt on the quality of these data. However, controls and sanctions exist to avoid systematic misreporting. For a given winter season, our first measure of snow conditions gives the number of days with at least 30 cm of natural snow in the lower part of the ski area (SDLow30), whereas the second one indicates the number of days with at least 50 cm of natural snow in the higher part of the ski area (SDHigh50). Both variables are an attempt to measure the number of "skiable days", i.e. the number of days which satisfy the minimum snow depth requirement for skiing. 3 The two variables depicting snow conditions are tightly linked for ski areas located at higher altitudes as the sample correlation approaches 1 (ρ = 0.92). Discrepancies from a perfect linear relationship are slightly more pronounced for lower lying ski areas (ρ = 0.82). We expect more skiable days to lead to more skier visits.
Based on these two measures of snow conditions, we have also built another set of two variables that are specific to higher lying ski areas. These variables are equal to the weighted average of skiable days across the lower lying ski areas that are located in the same tourism region. Using SDLow30 as the measure of skiable days leads to the variable CLow30 whereas the variable CHigh50 is obtained when using SDHigh50. Weights depend upon the transport capacity installed at each lower lying ski area. The tourism regions definition has been chosen according to the one provided by the Swiss Tourism Federation, which divides Switzerland into 13 distinct areas. Within a tourism region, we expect better snow conditions in lower lying ski areas to negatively impact visitation rates at higher lying ones.
Eventually, the intra-seasonal distribution of skiable days is measured by computing the fraction of skiable days that take place during the months of December to March. This fraction is denoted RHigh50 (RLow30) in case the variable SDHigh50 (SDLow30) is used to derive it. This ratio should be positively correlated with the number of skier visits.
Weather data Both weather conditions at ski areas and in the lowlands are considered in this study. Based on data from the SNTO, we computed the fraction of sunny days over the total number of operation days (SUN) as our measure of weather conditions at the ski area. We also derived three other measures from the same dataset but only used them as alternatives to perform robustness checks. These measures are the following: fraction of sunny and slightly cloudy days over the total number of operation days (SUNCLOUD), and the fractions over the total number of weekend days during the operating season with either one or the other of the two aforementioned conditions (WESUN, WESUNCLOUD) . Sunny days are defined as days without clouds, whereas partly cloudy days are defined as days with less than 3/8 of the sky covered by clouds. The choice to focus on weekends comes from the expectation that day trippers mainly ski during these days. We expect good weather conditions at the ski area to have a positive impact on the number of skier visits and therefore a positive associated coefficient. In relation to weather conditions in the lowlands, two alternative measures were derived using data from the Swiss Federal Office of Meteorology and Climatology. For the winter seasons 2005/06 to 2008/09, we first summed the monthly numbers of days with snow cover and the monthly average temperature (2 m above ground) deviations from norm at four meteorological stations located in the main urban centers (Zürich, Bern, Basel and Geneva). We then took the average across meteorological stations of these sums in order to obtain two variables that vary only according to the time dimension (SCOVER and DEVTMEAN).
Other data and the correlation matrix The last set of variables describes some additional characteristics of ski areas such as accessibility, the total length of ski runs, hotel accommodation supply and the level of investments in both snowmaking and transport facilities. We define accessibility as the time taken by car to reach a given ski area from the nearest urban center. Accordingly, we constructed a binary variable DIST that takes the value 1 whenever more than 90 min are needed by car for that journey and 0 otherwise. The accessibility data were obtained by using the online cartography website, http://fr-ch.mappy.com (accessed: 15/10/12), which allows computing car travel time between destinations. We expect remoteness and skier visits to be negatively correlated. The variable ln km is the natural logarithm of the total length of ski runs (in kilometers). It controls for scale effects meaning that the sign of its associated coefficient should be positive. Based on data from the Swiss Federal Statistical Office, we use several variables to describe the supply characteristics of hotel accommodation: the average number of available beds during the winter season per km of slopes (ln Bedkm), the average number of beds per establishment (ln BedEst), and the percentage of beds in 4-5 stars hotels (HLux). The first two of these variables are transformed with the natural logarithm. Taken altogether, their aim is to control for the hotel accommodation's size and structure at a given ski area. Common sense suggests that skier visits should be positively correlated with the number of hotel beds which would translate into a positive regression coefficient on the variable ln Bedkm. We make no guess as to the sign of the coefficients on the other two variables. Our measure of artificial snow production capacity (ART) represents the percentage of the ski slopes' length that can be snowed using the available snowmaking facilities. This information was gathered from different sources including the direct questioning of ski operators. Eventually, information on transport infrastructures at ski areas was either obtained from the Swiss Federal Office for Spatial Development or, for more recent information, from the Swiss Ski Operators Association. The transport capacity related variable is computed in three steps. The first step amounts to multiply a ski lift, chair lift or cable car's transport capacity (persons/hour) with its difference in height (given in km). We then sum this value over all facilities located at a given ski area and divide that sum by the total length of ski runs. We end up taking the natural logarithm to obtain the variable ln PIkm. We expect the regression coefficient to be positive for this variable.
In Table 1 , we provide the correlation matrix for the main explanatory variables used in this paper. We already used some of the information that it contains in Section 2.1 and we will again refer to it in Section 3.2 in order to shed light on some of our results. Fig. 2 Marginal effects of skiable days on skier visits depending on artificial snow capacity with 95 % confidence intervals. Values necessary to graph marginal effects and confidence intervals are based on the fixed effects estimates of Eq. 1. The average coverage of snowmaking is roughly equal to 30 % in our sample. At this value of the variable ART, the marginal effect of one additional skiable day on seasonal skier visits is estimated to be equal to 0.25 %
Results
Marginal effects
To compute the marginal effects of skiable days on seasonal skier visits, we use the results obtained when estimating Eq. 1's parameters with the fixed effects estimator. 4 More precisely, these results are used to compute marginal effects and their standard error according to the Eqs. 2 and 3 shown above. For a snowmaking percentage coverage ranging from 0 to 60 %, these estimated values then serve as the basis for building Fig. 2 .
As can be seen, the marginal effect is significantly different from zero and positive on a continuous interval of the variable ART ranging from 0 to roughly 50 %. This interval encompasses most of the "real-world", observed values contained in our sample as the upper quartile of the variable ART is equal to 37 % for the 2008/09 winter season. Figure 2 makes also clear that the marginal effect of natural snow conditions on skier visits decreases with the level of snowmaking investments. This proves that snowmaking reduces the short-term sensitivity of skier visits to natural snow conditions. Consequently, snowmaking shows significant potential for smoothing the inter-annual variability of skier visits caused by the natural variation in snow conditions. Without snowmaking, the mean value of the marginal effect is equal to 0.41 %. With a 30 % coverage corresponding to the average value of ART across our panel dataset, the marginal effect shrinks to 0.25 % (i.e. a 39 % reduction). Notes: Robust standard errors in brackets; Standard errors are clustered at the ski area level *Significant at the 10 % level; **Significant at the 5 % level; ***Significant at the 1 % level Eventually, rising the average coverage of snowmaking from 30 to 50 % reduces further the marginal effect from 0.25 to 0.145 %.
Further results
In this subsection, we report results of robustness checks and comment them. Doing so, we focus our discussion on estimates of specific model coefficients that are worth of interest with climate change. Columns (1) and (3)- (5) of Table 2 present results obtained with four different estimators: the pooled OLS, first-difference, random and fixed effects estimators. They are standard tools for estimating linear panel data regression models. 5 In addition, column (2) shows the results obtained when the lagged dependent variable (l. ln(SV)) is added to the model as an explanatory variable.
From Table 2 , we can infer that our central result concerning the marginal effects of skiable days on seasonal skier visits is robust to a variety of different model specifications and estimators. In fact, estimates of the parameters on both SDHigh50 and SDHigh50 · ART, which are used to build the marginal effects, remain relatively constant across columns (1)- (5) of Table 2 . Moreover, results obtained with the alternative measure of snow conditions are also very similar. At snowmaking percentage coverage values of 0, 30 and 50 %, marginal effects computed with the fixed effects estimates are then equal to respectively 0.47, 0.27 and 0.13 %.
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The coefficient on SCOVER, which is a measure of the winter weather conditions in the lowlands that only varies according to the time dimension, cannot be estimated because all of the models in columns (1)- (5) include winter season fixed effects. However, it is possible to estimate the coefficient on the interaction term DIST · SCOVER. It has been added to test the hypothesis that wintry conditions in the lowlands mostly benefit to ski areas that are located near densely populated agglomerations. In Switzerland, these ski areas are mostly regional ski destinations. The results shown in Table 2 do not validate this hypothesis since none of the regressions estimates a significantly negative coefficient on the interaction term. Another issue with these weather conditions in the lowlands is that their effects could be partially captured by the variable CHigh50. As explained in Section 2.2, this latter variable describes for a given ski area whose maximum altitude lies above 2,500 m the snow conditions in the lower lying ski areas within the same tourism region. Given this definition, we would expect CHigh50 to be correlated with SCOVER, an intuition that is confirmed by the sample correlation coefficient's value of 0.574 given in Table 1 . Consequently, the detrimental impacts of good snow conditions in lower lying ski areas for the higher located ones could be underestimated by our estimates. Using the result from the fixed effects estimator, we predict that an increase of CHigh50 by one skiable day reduces the number of skier visits by 0.14 % on average in the associated higher located ski areas.
Regarding weather conditions at the ski areas themselves, we found a positive and significant effect of sunny conditions on skier visits with the first-difference, random and fixed effects estimators. We can deduce from the parameter estimate obtained with the fixed effects estimator that skier visits are increased by 0.27 % when the percentage of sunny days across the winter season increases from 1 %. No significant changes result from using SUNCLOUD, WESUN or WESUNCLOUD instead of SUN in the regressions. 5 We refrain from showing estimation results from a dynamic panel data model with fixed effects using the Arellano-Bond estimator. In the context at hand, it makes little sense to use this estimator since only four time periods are available. This gives rise to only few lagged values of skier visits that can be used as instruments whereas skier visits are likely to be strongly correlated from one year to the next. This looks like a setting where we could hardly get anything else than weak instruments. 6 Detailed estimation results of these regression runs are available from the author on request. 7 Results do not change if we use DEVTMEAN rather than SCOVER as the variable depicting weather conditions in the lowlands.
Eventually, parameter estimates for the remaining control variables generally show the expected sign and several of them are significantly different from zero. Nonetheless, a striking element is the fact that the variable ln Bedkm does not have a significantly positive effect on the number of skier visits. This could be the consequence of omitting the supply of holiday accommodation outside the hotel industry in our models, which may well be negatively correlated with the hotel accommodation supply once scale effects are controlled for. Para-hotel accommodation supply was not integrated in our analysis because of a lack of data. Note also that the firstdifference and fixed effects estimators, which use the variation of a variable across the time dimension to identify its effect on the dependent variable, have difficulties pinning down the effect of variables like ln km or ln PIkm. This is due to the fact that the variability of these variables is mostly across ski areas.
Conclusion
The snowpack reduction and the reduced number of skiable days implied by climate change is expected to impact the ski industry in Europe. Since Swiss ski areas are located on average at higher altitude than those of neighboring countries, the ski industry is expected to be less affected in Switzerland than in the other European alpine countries. This does not mean though, that adaptation measures will not be required nor undertaken in Switzerland. As emphasized in Scott et al. (2008) , adaptive capacity by ski areas will be, together with local climatic conditions, a crucial factor to determine who will survive in an era of climate change. In particular, underinvestment in snowmaking may result in significant competitive disadvantages. In fact, our results show that snowmaking facilities prove to be valuable under the current climate for reducing the short-term sensitivity of skier visits to the natural snow conditions. Compared to a ski area that has no snowmaking facilities, a ski operator that can ensure the presence of snow over 30 % of the ski runs it operates (which is roughly the Swiss average) reduces the natural snow sensitivity of its skier visits by 39 %. These results also support the findings of the existing literature that a larger snowmaking coverage help reducing significantly the detrimental impacts of snow-poor winter seasons for individual ski areas (Steiger 2011 ).
With a relatively low level of snowmaking coverage on average, the Swiss ski industry seems to be in a position where it can still afford to further reduce its vulnerability to natural snow conditions. This potential is particularly interesting in case climate change increases the inter-annual variability of the number of skiable days. We can deduce, from our results, that an increase in the snowmaking percentage coverage from 30 % of the total length of ski runs to 50 % could counteract a 42 % increase in the natural snow conditions' variability. However, this is only possible under the assumption that snowmaking will remain both technically and economically feasible in a future warmer climate.
While the reduction in snowpack is certainly a central impact, climate change could also modify visitation rates at ski areas through other channels. For instance, a milder weather in the lowlands during the winter or a change in sunshine duration at higher elevation sites could probably also modify the number of people going to the mountains for skiing. We found that sunny conditions at ski areas positively influence the number of skier visits but we could not identify the effect related to weather conditions in the lowlands because of a specification problem. As pointed out in the results section, the "backyard" effect of weather conditions in the lowlands could however be partly captured by the parameter on the variable describing snow conditions in the lower located ski areas. If it were the case, our estimates of this parameter would be upward biased meaning that we would tend to underestimate the negative effect for the higher lying ski areas of good operating conditions in the lower located ones. Despite this potential source of confusion, we found that poor snow conditions in lower lying ski areas do indeed increase the number of skier visits in higher lying ones. This is in line with the results of stated behavior surveys, including the one carried out in Switzerland (Behringer et al. 2000) , as it suggests that some skiers move to more snow-reliable ski destinations in case of snow-poor winter seasons. As noted in several papers (Scott et al. 2008; Dawson and Scott 2010) , this spatial substitution could occur under a warmer climate and benefit to ski areas that will remain operational. This effect is however uncertain in the long run since the most vulnerable ski areas (e.g. the lower lying ones) are generally highly valued by families and their closure may also prevent the renewal of generations of skiers (Scott et al. 2012) .
